This study evaluated claw development in 80 calves of different genetic background during the first 70 days of life. Linear claw measurements were found to be useful tools for this purpose. Large differences in claw parameters were observed, depending on the position of the claws, gender and breeding line, including interaction effects between gender and breeding line. In all four pairs of claws, the medial claws were longer than the lateral claws. Claw width is significantly wider in lateral claws, both hind and fore. Male calves showed significantly higher values than females in most measured parameters except bulb length and angle of the bulb. Comparing breeding lines, significant differences in some parameters (claw width, length of the diagonal, sole length, axial wall length) were found, which are in discussion to be important in claw soundness. Older cows produced calves with larger claws than calves of younger cows.
1.
Introduction A large number of effects on claw development is described in the literature (RUSSKE, 2001; MANSKE, 2002; HUBER, 2002) . However, relative little information is available for the claw development in calves. Claw development can be expressed as shape measured linearly, volume and density of the contents of the capsula ungulae. It is not known at what age the claw reaches maturity. This is of economic importance regarding the timing of first calving and the possibility that overburdening immature claws may have long-term implications for claw health.
There is inadequate information regarding the time scale of claw deterioration after the point of maturity. The purpose of this paper is to examine linear measurements of the claws in new born calves as a method to develop basic protocols in claw development. Claw measurements as auxiliary traits for selection and for structural claw soundness are described by several authors. Wall length of the dorsal wall, bulb depth and bulb length, claw width, length of the diagonal and the angle of the dorsal wall are common traits to describe claws (BAUMGARTNER, 1988; HUBER, 1983; REURINK and VAN ARENDONK, 1987; VERMUNT and GREENOUGH, 1995) . Most of the former investigations have been performed in adult cattle being influenced by environmental or production stress over a long period of time (MEYER and GALBRAITH, 1998; LANDERER et al., 1998; LIVESEY et al., 1998) or in male beef cattle (NITSCHE, 1974; MÜLLER et al. 1975) . A very extensive investigation is presented by RUSSKE (2001) , based on 32 female heifers of the breeds German Holstein and German Brown Swiss. This investigation describes the early development of the capsula ungulae in new born calves of different breeding lines under similar housing conditions. The objective of the study was to determine how early claw development occurs and whether there are differences within and among claws, genders or breeding lines.
2.
Material and methods 2.1.
Study sample Beginning at day 4 post partum (p.p.), four investigations were performed at the Experimental Farm Oberschleissheim within a three weeks interval. Male and female calves of four breeding lines were measured under light sedation. These four breeding lines were the two-purpose breed German Fleckvieh (FV), the dairy breed German Holsteins (GH) and F1 crossbred calves of these two breeds. Crossbred calves with Fleckvieh sire and Holstein cow are assigned FV-GH, while crossbreds with Holstein sire and Fleckvieh cow are assigned GH-FV (Table 1) . FV  20  17  16  14  GH-FV  24  24  21  21  FV-GH  24  21  20  18  male  41  35  34  31  female  44  42  36  33 The calves originate from the mating of 5 GH sires and 9 FV sires with totally 35 GH and 31 FV cows or heifers (1 st to 6 th lactation). Among all calves were 12 twins (from 6 twin births) and 3 calves originated from a triple birth. With exception of one twin birth, all multiple births originated from FV cows.
1)
1 All animals involved in this study were treated according to the guidelines for care and use of agricultural animals in research. (Registration number of the Government of Upper Bavaria 211-2531. 2-57/2000) Up to the 7 th day of life, all calves were fed individually colostrum and housed in single calf boxes on straw mats under outside conditions. From day 8, the calves were housed in groups on straw in a cold stall. They received -depending on age -milk replacer over an automatic milk feeder (Westfalia®). In addition, they received ad libitum hay, corn (whole kernels) and on farm produced concentrate (pelleted). The measurements were performed under light sedation with Xylazin 2% (1.5 -2.5 ml/100kg body weight). Body weight was recorded at each measurement day. All parameters were measured with a caliper 1 and a goniometer 2 being used in human physiotherapy. The parameters studied are shown and defined in Figure 1 . 2.2. Statistical procedure A variance analysis was performed using a General Linear Model (Proc GLM, SAS 8.1) with the following structure of fixed effects for all linear claw parameters (SAS/STAT, 1993): Relations between medial and lateral, fore and hind claws Significant interactions were found for the parameters wall length, bulb depth, bulb length, diagonal, sole length, claw width and for the angles. Wall length was longer in hind than in fore claws. In all four pairs of claws the medial claws are longer than the lateral claws. This is significant in hind left and both pairs of fore claws (Fig. 2) . Bulb length and the diagonal are longer in medial than in lateral claws. The angle of the bulb is wider in medial claws. The angle of the bulb in all four hind claws is significantly wider than in the fore claws. That means, the hind claws are severely flatter than the fore claws (Fig. 3) . Bulb depth is larger in all fore claws than in hind claws. All lateral claws with exception of the hind left have a larger bulb depth than the medial ones. In addition, the lateral hind and fore claws are significantly wider than the medial claws. Comparing alone the medial or lateral claws, the fore claws are significantly wider than the hind claws. Comparing the medial and lateral claws, hind and fore pairs of claws are similar in the first three months of life (Fig. 4) . Measurement number and horn growth Depending on the measuring number, horn growth is already significant within the three weeks intervals (not shown) and within the whole study (twelve weeks, Table 2 ). The largest growth rate per month was observed in the length of the sole with 0.73 cm, followed by the length of the diagonal (0.29 cm), claw width (0.16 cm) and wall length (0.10 cm) ( Table 2) . Bulb length shows a loss of 0.52 cm within the whole period of investigation. In the same period, the angle of the dorsal wall losses 2.42° and the angle of the bulb gains 2.03°. This shows that the outer form of the claws changes with increasing weight of the calves and with beginning activity. At start of the study, the claws are steeper than at the last measurement. Within this interval, the calves nearly double their birthweight (body weight in male calves changes from 48.75 kg to 84.15 kg, females start with 45.10 kg and reach 74.72 kg).
3.3.
The effect of gender Male calves show significantly higher values than females in all measured parameters except bulb length, axial wall length and angle of the bulb (Table 3) . 
3.4.
The effect of breeding lines Fleckvieh (FV) or crossbreds with Fleckvieh Sire (FV-GH) reach higher values in bulb depth and bulb length, diagonal, claw width and angle of the dorsal wall (Table 4) . (Fig. 5) . There is also an interaction within gender and breeding line for axial wall length (Fig.  6 ). Within pure German Holsteins, female calves have significantly higher values than males and even female FV. Calves originating from multiple births had lower values in most of the investigated parameters, but showed a larger axial wall length and larger angles (Table 5) . Mean body weight of these calves was 56.04 kg compared to 66.37 kg in monoparous calves. 3.5. Effect of the lactation number of the mother Depending on the lactation number of the mother, Table 6 shows the differences for all parameters including body weight. Calves of older cows exceed those of younger cows in all parameters with exception of the angle of the bulb and axial wall length. This may depend on a higher body weight, but in former results no clear correlation between higher body weight and all other parameters was found. According to the present results, older cows produce calves with larger claws than calves of younger cows.
4.
Discussion and Conclusion Linear measurement parameters allow a statement on the size of a claw. The assumption is that having bigger and steeper horn capsules would implicate higher amounts of mineralized and soft tissue inside the claw enabling the claw to burden a higher load. Wall length was longer in hind than in fore claws. A new aspect is that in all four pairs of claws the medial claws were longer than the lateral claws. In adult cattle, the hind lateral claws and the fore medial claws are longer. This is assumed to be a result of permanent overloading in the normal walking process. For newborn calves, this assumption seems not to be correct. Comparing the medial and lateral hind and fore claws, a similar shape can be found for the first three months of life.
The rules of cattle footcare and claw trimming described by TOUISSAINT RAVEN (1989) propose a control of the bottom surface of the sole. In a normal sole, the axial part gently slopes beginning "somewhere in the posterior half of the claw and becoming steeper in the interdigital space". This part of the sole has to be restored in claw trimming. Up to now it is not known, how long the axial wall before the slope naturally is. Therefore we added the axial wall length as a parameter of investigation. By measuring the axial wall length, a judgment of the claw towards soundness could become possible. In this investigation, significant differences between genders and within breeding lines were found. Follow up investigations considering diseases of the claws will study, whether there are significant relations to the axial wall length concerning claw health or not. We propose to add this parameter in future studies including linear measurements. The ratio between wall length and bulb length is one of the most often used parameters to describe claw quality (UTZ, 1998) . Ideal relations should be at 2: 1. The own results yielded a quotient of 1.41: 1 at the first measurement. At measurement 4, the quotient is 1.82: 1. This shows that the form of the claw in new-born and growing calves changes rapidly leading to the later seen relations in adult cattle. Perhaps it would be better not to talk of horn growth but of horn development. Since in deed, it is not real growth but a change in claw angles leading to a new shape as described above. These changes are combined with higher body weight and movement leading to the rapid development in claw parameters. There are large differences in claw parameters depending on the claws themselves comparing fore or hind, medial or lateral claws. As stated above, there are differences between genders, among breeding lines, and even within breeding lines and genders. Thus, claw development can not be described in general. Breeding line and gender must be considered in programs concerning breeding or selection of lines. DISTL (1999) used similar measurement parameters as in the own study for improvement of foot and leg soundness in dairy cattle. He also concluded to consider both genders in the improvement of foot and leg traits. Considering the interactions between genders and breeding lines, the differences between all measured parameters should lead to a new strategy for progeny testing in breeding programs. Testing a large number of male calves may have the desired effect on the next generation males but inverse effects on females within the same population (and also the inverse way testing only females). PAULUS and NUSS (2002) collected data of twenty hind digits of 18 months old bulls. They found differences in the length of medial and lateral claws and assumed this to be an anatomical phenomenon. The own results confirm this for calves. Up to now no clear results are available for adult female cattle. The age of the mother has a strong influence on the calf's claw development. This aspect underlines the importance of life-production. If older cows produce calves with improved claw development assuming that would lead to better claw health, breeding strategies should concern this aspect besides production parameters. Nevertheless, the central factor in describing claw development is, that up to now it is not really clear, which parameter is ideal for selection and health evaluation. There are no strait results which would generally confirm relations between single parameters and diseases or disorders of the claw.
Though high efforts have been done to develop improved trimming methods, stronger activities should be aimed at programs analyzing data on measurable parameters, which fit better the needs of a more scientific knowledge based diagnosis of claw and leg problems.
